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DETAILED ACTION 
Claim Rejections - 35 USC § 102 

1 . The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
states. 

2. Claims 18, 22, 24, 25 and 27 are rejected under 35 U.S.C. 102(b) as being 
anticipated by Imamura et al., "A submicron Nb/AIOx/Nb Josephson Junction," 
(previously made of record in the IDS filed 3/24/2004). See e.g., Figs 1 and 2. 

The junction structure is composed of Nb/AI-AIOx/Nb (page 1586, col. 1); the 
junction may have a diameter less than 1 micron (e.g., page 1587, col. 2, first and 
second full paragraphs and page 1588 col. 1, lines 1-2). 

With regard to claim 27, Imamura discloses: 

• A base electrode (lower Nb); 

• A tunnel barrier layer disposed above the base electrode (AI-AlOx layer); 

• A counter electrode portion (upper Nb) disposed above an unexposed portion of 
the tunnel bamer layer (the portion of the AI-AlOx layer directly under the upper 
Nb layer is the "unexposed portion") and 

• An anodization ring (anodized Nb) disposed around a perimeter of the counter 
electrode portion and the unexposed portion of the tunnel barrier layer for 
preventing a short-circuit between an outside contact and the base electrode 
layer, wherein 
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• A tunnel junction region is defined by the counter electrode layer, the unexposed 
portion of the tunnel barrier layer and the base electrode layer, the tunnel 
junction region including a junction contact defined by a top surface of the 
counter electrode, the junction contact having a diameter of approximately 1.0 
micron or less. 

3. Claims 18 and 27 are rejected under 35 U.S.C. 102(b) as being anticipated by 
Lee et al., "RHEA Process for Fine-Geometry Josephson Junction Fabrication." 
(previously made of record in the IDS filed 3/24/2004). 

Lee discloses Nb/AI-AIOx/Nb Josephson junctions wherein the upper Nb layer is 
patterned with a circular resist mask and subsequently partially etched, followed by an 
anodization step for forming junction areas on the order of 0.8 iim (see e.g., Fig 1 and 
the caption associated with Fig 5). 

With regard to claim 27, Lee discloses: 

• A base electrode (lower Nb); 

• A tunnel barrier layer disposed above the base electrode (barrier); 

• A counter electrode portion (upper Nb) disposed above an unexposed portion of 
the tunnel barrier layer (the portion of the barrier layer directly under the upper 
Nb layer is the "unexposed portion") and 

• An anodization ring (anodized Nb) disposed around a perimeter of the counter 
electrode portion and the unexposed portion of the tunnel barrier layer for 
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preventing a short-circuit between an outside contact and the base electrode 
layer, wherein 

• A tunnel junction region is defined by the counter electrode layer, the unexposed 
portion of the tunnel barrier layer and the base electrode layer, the tunnel 
junction region including a junction contact defined by a top surface of the 
counter electrode, the junction contact having a diameter of approximately 1.0 
micron or less. 

Claim Rejections - 35 USC § 103 

4. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

5. Claims 18, 22, 24 and 25 are alternatively rejected under 35 U.S.C. 103(a) as 
being unpatentable over Imamura as applied to the claims above. 

a. Assuming arguendo that the recitation in claim 18 that the junction contact 
has a stated diameter implies that junction must be circular in shape, and that 
Imamura does not sufficiently disclose that the junction may be circular as 
opposed to square in shape, the claims would not be anticipated. 

b. Nonetheless, it was well known that the goal of forming Josephson 
junctions was to reduce the junction area to the greatest extent possible. It was 
also well known how to make resist/mask patterns that were circular in shapfe as 
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opposed to square-shaped. It would have been obvious to one of ordinary skill in 
the art at the time of the invention to have made Imamura's anodization mask 
specifically circular in shape because for any given design scale, a circular shape 
would have a smaller area than a square shape. 

6. Claim 19 is rejected under 35 U.S.C. 103(a) as being unpatentable over Imamura 
as applied to the claim 18 above, and further in view of Applicant's prior art admissions. 

a. Imamura also discloses that the Nb base electrode is etched to the 
substrate to form the lower wiring. See FIGs 2b-2c and page 1587, col. 2. The 
last paragraph of page 1 587 appears to indicate that the distance between the 
electrode isolation region and the junction contact is on the order of about (S^im - 
0.7^m)/2 or 1 .2 microns. Presuming 1 .2 ^im is too large to read on the claim 
limitation ''about 0.8 inm," the claim would not be anticipated. 

b. Applicant acknowledges in the specification and drawings that this 
distance is set by existing design rules (see e.g., FIG 7B). As such, it would 
have been obvious to one of ordinary skill in the art at the time of the invention to 
have reduced this length down to "about 0.8 lam" because miniaturization is a 
well known semiconductor industry goal and Applicant acknowledges that this 
smaller length was within conventional design capabilities. 

7. Claims 20 and 21 are rejected under 35 U.S.C, 103(a) as being unpatentable 
over Imamura as applied to the claims above, and further in view of Kerber et al, '084. 
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a. Imamura further discloses that the junction is processed so that an oxide 
is coated there over and patterned to produce an outside contact via (see e.g., FIG 2d). 
Imamura does not depict various conventional portions of the structure, such as how 
other portions of the lower Nb electrode are subsequently insulated or contacted. 

b. Kerber teaches Josephson junctions. See e.g., FIG 1 wherein the 
Josephson junction includes base electrode 12, tunnel barrier 14, and counter electrode 
16. An interconnect layer 24 passes through via holes formed in interlayer dielectric 
layer 6 to contact both of the Nb electrode layers. 

c. It would have been obvious to one of ordinary skill in the art at the time of 
the invention to have further provided an additional via through the insulating layer 
covering the Imamura junction which contacts the lower, base electrode because the 
base electrode necessarily has to be electrically interconnected to external devices in 
some manner, and Kerber teaches one conventional way of making electrical 
interconnections to the lower electrode. 

Allowable Subject Matter 

8. Claims 23 and 26 are objected to as being dependent upon a rejected base 
claim, but would be allowable if rewritten in independent form including all of the 
limitations of the base claim and any intervening claims. 

9. The following is a statement of reasons for the indication of allowable subject 
matter: 
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a. With regard to claim 23, as pointed out by applicant the Lee et al. 
reference and teachings therein would not inherently anodize a portion of the 
base electrode. No secondary reference has been found that teaches anodizing 
a portion of the base electrode as part of an anodization ring and thus the added 
limitation of claim 23 is not disclosed or taught by the prior art. 

b. With regard to claim 26, this claim depends from claim 23 and thus 
contains the allowable subject matter of ctaim 23. 



Response to Arguments 

10. Applicant's arguments filed 1 1/23/04 have been fully considered but they are not 
persuasive. 

a. With regard to the 102(b) rejection over Imamura, applicant has first 
argued that Imamura do not teach the anodized ring around the AI-AlOx layer 
(tunnel barrier layer). First, the claims do not require the anodization ring 
surround the entire AI-AlOx layer, merely that the anodization ring surround the 
"tunnel barrier layer." In the structure shown in figure 1 b of Imamura, only the 
portion of the AI-AlOx layer directly beneath the upper Nb (counter electrode) is 
the "tunnel barrier layer" as that is the only portion where tunneling will occur. 
The AI-AlOx outside the actually tunneling region is merely an extra insulator 
layer. Thus, the anodization ring does surround a perimeter of the "tunnel barrier 
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layer"' as it surrounds that portion of the AI-AlOx layer that is the actual "tunnel 
barrier." 

c. Applicant argues that Imamura's junctions do not amount to the claimed 
invention since Imamura describes that the deposition of Nb at 2.3 Pa is 
performed after anodization. This is not persuasive. First, the section cited by 
applicant which indeed teaches depositing Nb at 2.3 Pa is not explicitly teaching 
this deposition occurring after anodization. It is merely teaching that working 
junctions (without leakage) were formed when using the higher pressure. 
Further, since applicant is not claiming a fabrication method, when this step is 
performed has no bearing on the patentability of the claims. 

d. Applicant argues that the AI-AlOx layer of Imamura is not anodized. This 
is irrelevant to the claimed invention since the claim 18 does not require the Al- 
AlOx layer be anodized. Applicant states that the tunnel barrier is anodized in 
accordance to the literal language of the claims and that this is explicitly recited 
in claim 18. This is not the case. Nowhere in the language of the claims, except 
in claim 23 which has been indicated allowable, is the tunnel barrier recited as 
being anodized. The recitation of the anodization ring "around the perimeter" of 
the tunnel barrier layer does not require a portion of the tunnel barrier layer be 
anodized in forming the anodization ring. Applicant further this argument by 
referring to figure 10 of their specification where the counter electrode sidewalls, 
the exposed tunnel barrier layer, and the base electrode are anodized. 
Interpreting the language of claim 18 to require the anodization ring include all of 
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these layers is not only an improperly narrow interpretation, but it is clearly not 
the interpretation intended by the applicant since applicant felt the need to 
include claim 23 which explicitly recites this limitation. 

e. Applicant further argues against Imamura in that Imamura employs an 
additional step of depositing Nb by sputtering at 2.3 Pa. First, it is not agreed 
that Imamura teach this sputtering as an additional step. The examiner feels that 
this section is clearly discussing the deposition parameters used to the deposit 
the upper and lower Nb layers since these layers are the ones forming the 
junction which is the concern of the entire paragraph. Further, it is not clear how 
an additional step, if it even if an added step, precludes Imamura from 
anticipating the claimed invention since the claims are not directed towards a 
process but are instead directed towards a structure. The process of Imamura is 
immaterial to the claims since the claims are not limited to any particular process. 

f. Applicant also requests the examiner point out which feature of Imamura 
is alleged to amount to the claimed anodization ring. The anodization ring is 
clearly seen in figure 1(b), for example, as the cross-hatched layer labeled 
"anodized Nb". 

g. Applicant also argues that Imamura does not show the claimed counter 
electrode. It is not understood how Imamura is interpreted such that it does not 
show a counter electrode. Figure 1(b) clearly shows a counter electrode labeled 
"upper Nb" which meets the language of the claims. 
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h. In response to applicant's argument that the references fail to show certain 
features of applicant's invention, it is noted that the features upon which applicant 
relies (i.e., circular, the tunnel barrier layer being anodized, the tunnel junction 
region resulting from being unexposed to anodization) are not recited in the 
rejected claim(s). Although the claims are interpreted in light of the specification, 
limitations from the specification are not read into the claims. See In re Van 
Geuns, 988 F.2d 1181, 26 USPQ2d 1057 (Fed. Cir. 1993). 

i. Applicant has further argued that the junction of Imamura does not have 
the claimed diameter, as the junctions of Imamura are square and not circular. 
First, the claims do not require the junction contact be circular, merely that they 
have. a diameter of approximately 1 .00 ^m or less. Imamura disclose the claimed 
dimension. Using the term "diameter" with regard to the junction does not require 
the junction be circular. In fact, as defined by Miriam-Webster's Collegiate 
Dictionary Tenth Edition (copyright 1999 by Merriam-Webster, Inc.), a diameter is 
"a chord passing through the center of a figure or body" or "the length of a 
straight line through the center of an object." Using this common definition for 
diameter we see that the square shaped junction of Imamura still has a diameter 
and thus still anticipates the claims. Further, Imamura uses the term diameter 
themselves on page 1587 col. 1 line 1. Thus, the language of the claims does 
not necessitate a circular structure. If applicant wishes the claims to be limited to 
a circular structure the claims can be amended to positively recite this shape. 
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j. Applicant further argues with regard to claim 24 that Imamura fails to 
teach a tunnel banrier layer disposed solely within the anodization ring. As 
discussed above, the "tunnel barrier layer" portion of the AI-AlOx layer is only that 
portion below the counter electrode where tunneling occurs. Thus, Imamura do 
disclose the tunnel barrier layer disposed solely within the anodization ring as 
claimed. 

k. With regard to the 102(b) rejection over Lee, applicant has argued that 
Lee does not teach the anodized layer (anodization ring) surrounding the AI-AlOx 
barrier layer (tunnel barrier layer). This is not persuasive as Lee clearly discloses 
on page 3135, col. 1, lines 3-4, that the barrier layer (the entire starting AI-AlOx 
layer) is oxidized (by anodization). Thus, the anodization ring of Lee clearly 
surrounds the tunnel barrier layer as the portions of the AI-AlOx layer under the 
anodized top (counter) electrode are also anodized. 

I. Applicant also argues that no evidence has been provided so support that 
one of ordinary skill in the art would be able to make and use the claimed 
integrated circuit of claim 18. This is not persuasive as Lee itself provides such 
evidence. Lee forms a structure as claimed in claim 18. see figure 1(d) and uses 
the structure. Figure 5 is evidence that the structure has been used, 
m. Applicant also argues that figure 5 is merely a graph showing the l-V 
characteristics of "circular" josephson junctions and does not show details of the 
structure, and as such figure 5 does not constitute a proper basis for rejection. 
This is not persuasive. Figure 5 clearly states that it shows l-V characteristics of 
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a circular Nb/AI-AIOx/Nb junction formed by RHEA process. The RHEA process 
is clearly shown in figure 1 and described through out the article. Thus, figure 5 
is clearly showing the l-V characteristics of a junction corresponding to figure 1 , 
which shows every feature of the claimed invention. 

n. Applicant further argues against Imamura staing that the anodization ring 
of Imamura is not disposed around the AI-AlOx layer and that such a 
configuration as described in Imamura fails to teach the claimed anodization ring 
and differs from the anodization ring shown in figure 6. First, the claimed 
anodization ring is not the same as the anodization ring of applicant's figure 6. 
Figure 6 might show many features of the invention, but that which is claimed 
defines the scope of the invention and the scope of the anodization ring claimed 
in claim 18 does not necessarily include all the features shown in figure 6. 
Second, the claim does not require the anodization ring be formed around the 
entire AI-AlOx layer, but merely around the "tunnel barrier layer". As explained 
above, the "tunnel barrier layer" of Imamura is only that portion of the AI-AlOx 
layer which is directly beneath the counter electrode (upper Nb), which is also 
bounded by the anodization ring, as claimed. Thus, the rejections over Imamura 
are still considered proper. 
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Conclusion 



Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to N. Drew Richards whose telephone number is (571) 
272-1736. The examiner can normally be reached on Monday-Friday 9:00-5:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Tom Thomas can be reached on (571) 272-1664. The fax phone number 
for the organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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